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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method capable of forming thin film of crystallized 
transition metal oxide even on a substrate low in heat resistance such as plastics, free from the 
need of the use of expensive producing equipment and free from restriction by the shape and 
size of a substrate to be filnrr-formed. 

SOLUTION: The surface ofthe object to be coated is coated with a precursory coating soln. of 
metallic oxide obtd. by using the alkoxide of salt of transition metal as a starting raw material to 
form coating film on the surface of the object to be coated, and thereafter, the coating film is 
irradiated with ultraviolet light of >360 nm wavelength to. crystallize the transition metal oxide 
forming the cgating.film. 
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(54) PRODUCTION OF METALLIC OXIDE THIN FILM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method capable of forming thin film of crystallized transition metal oxide even 
on a substrate low in heat resistance such as plastics, free from the need of the use of expensive producing equipment and 
free from restriction by the shape and size of a substrate to be film-formed. 

SOLUTION: The surface of the object to be coated is coated with a precursory coating soln. of metallic oxide obtd. by using 
the alkoxide of salt of transition metal as a starting raw material to form coating film on the surface of the object to be 
coated, and thereafter, the coating film is irradiated with ultraviolet light of ≥360 nm wavelength to crystallize the 
transition metal oxide forming the coating film. 
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CLAIMS 



[Claim(s)] t 

[Claim 1] The manufacture method of the metallic-oxide thin film which irradiates the ultraviolet radiation whose wavelength 
is 360nm or less to the application film, and is characterized by crystallizing the transition-metals oxide which forms the 
application film after applying the precursor application liquid of the metallic oxide obtained considering the alkoxide or salt 
of transition metals as a start raw material on the surface of a coated material and forming an application film in a coated 
material front face. 

[Claim 2] The manufacture method of a metallic-oxide thin film according to claim 1 that transition metals are an IVa group 
element or Va group element. 

[Claim 3] The manufacture method of a metallic-oxide thin film according to claim 1 or 2 that the light source of ultraviolet 
radiation irradiated to an application film is the 4 time wave of a high-pressure mercury lamp, a low-pressure mercury lamp, 
an ArF excimer laser, a KjF excimer laser, and an YAG laser or a 3 time wave, an excimer lamp, or synchrotron radiation. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the manufacture method of the method of forming 
functional oxide thin films, such as electronic material, in the front face of substrates, such as glass, ceramics, a metal, and 
plastics, and the metallic-oxide thin film which forms the thin film of the transition-metals oxide crystallized without 
heat-treating especially. 
[0002] 

[Description of the Prior Art] The compound which has the electrical property which was excellent as a dielectric material, an 
electrical conducting material, a semiconductor material, etc. exists in a transition-metals oxide mostly. The thin film of these 
transition-metals oxide is manufactured by the sol-gel method, the spraying thermal decomposition method, the sputtering 
method, the MOCVD method, etc. 

[0003] It is related with the manufacture method of the transition-metals oxide thin film by the sol-gel method. An anatase 
crystallizes a titania film at the temperature of 400 degrees C, and transferring to a rutile phase by heat-treating at the 
temperature of 800 more degrees C is known, for example, a zirconia film It crystallizes by heat-treating at the temperature of 
700 degrees C (a ceramic industry association magazine, 94,823 (1986) references), a niobium-oxide film It crystallizes by 
heat-treating at the temperature of 400 degrees C (a KYATARISHISU toe day (Catalysis Today), 16,495 (1993) references), 
an iron-oxide film crystallizing to a gamma ferric oxide (HEGUMA -- tight) at the temperature to 450 degrees C, and 
heat-treating at the temperature of 450 more degrees C or more - alpha-iron oxide — transferring (a journal OBU material 
science (J. Mater.Sci.) --) Crystallizing 26,497 (1991) reference and a zinc-oxide film at the temperature of 400 degrees C or 
more (the Ceramic Society of Japan treatise magazine, 104, 296 (1991) references) is reported, respectively. Moreover, it is 
reported that thin films, such as an iron oxide, chromia, a titania, and a zirconia, are formed about the manufacture method of 
the transition-metals oxide thin film by the spraying thermal decomposition method by using various kinds of metal salts as a 
start raw material (tin solid films (Thin Solid Films), 77, 81 (1981) references). 
[0004] 

[Problem(s) to be Solved by the Invention] As described above, by the conventional method which forms the thin film of a 
transition-metals oxide with a general sol-gel method or a spraying part solution method, it is required to pyrolyzc and remove 
the remains organic substance and a metal salt, and in order to crystallize a metallic oxide, the heat-treatment in an elevated 
temperature of 400 degrees C or more is indispensable as the result. For this reason, depending on the conventional method, 
the thin film of the crystallized transition-metals oxide was not able to be formed on the low base of thermal resistance, such 
as plastics. 

[0005] Moreover, the sputtering method and the MOCVD method are based on a vacuum process, and, for this reason, have 
the trouble that an expensive manufacturing facility is required, and a manufacturing cost becomes high, and the configuration 
and size of a base which are going to form membranes have restrictions. Moreover, these methods also need heat-treatment of 
a substrate in many cases, in order to obtain a crystalline metallic-oxide thin film. 

[0006] This invention is made in view of the above situations, can form the thin film of the crystallized transition-metals oxide 
also on the low base of thermal resistance, such as plastics, and aims at offering the manufacture method of a metallic-oxide 
thin film which is not restrained by the configuration or size of the base which the need of using an expensive manufacturing 
facility does not have, either, and is going to form membranes, either. 
[0007] 

[Means for Solving the Problem] Ultraviolet radiation was used for crystallizing the thin film of the transition-metals oxide 
gel formed by the sol-gel method as a means for attaining the above-mentioned purpose in this invention. That is, after 
invention concerning a claim I applies the precursor application liquid of the metallic oxide obtained considering the alkoxide 
or salt of transition metals as a start raw material on the surface of a coated material and forms an application film in a coated 
material front face, it irradiates the ultraviolet radiation whose wavelength is 360nm or less to the application film, and is 
characterized by crystallizing the transition-metals oxide which forms the application film. 

[0008] By the manufacture method of invention concerning a claim I, after applying the precursor application liquid of the 
metallic oxide obtained considering the alkoxide or salt of transition metals as a start raw material on the surface of a coated 
material and forming an application film, a transition-metals oxide is crystallized by irradiating the ultraviolet radiation whose 
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wavelength is 360nm or less to the application film. Therefore, since there is no need of performing heat-treatment in an 
elevated temperature for crystallization of a transition-metals oxide, it becomes possible to form the thin film of the 
crystallized transition-metals oxide also on a heat-resistant low base like plastics. In addition, although the mechanism of 
crystallization of the transition-metals oxide by irradiation of ultraviolet radiation is not clear, a thin film absorbs ultraviolet 
radiation, an atomic rearrangement is advanced by the energy and it is thought that a transition-metals oxide crystallizes. 
[0009] Invention concerning a claim 2 is characterized by transition metals being an I Va group element or Va group element 
in the manufacture method according to claim I . 

[0010] Invention concerning a claim 3 is characterized by using the 4 time wave or 3 time wave of a high-pressure mercury 
lamp, a low-pressure mercury lamp, an ArF excimer laser, a KrF excimer laser, and an YAG laser, an excimer lamp, or 
synchrotron radiation in the manufacture method according to claim 1 or 2 as the light source of ultraviolet radiation 
irradiated to the thin film of metallic-oxide gel. Even if it uses only one kind of thing, you may use the light source combining 
two or more sorts of things. 
[0011] 

[Embodiments of the Invention] Hereafter, the suitable operation gestalt of this invention is explained. 
[0012] By the manufacture method of the metallic-oxide thin film concerning this invention, the precursor application liquid 
(sol) of a metallic oxide is first prepared by using the alkoxide or salt of transition metals as a start raw material. Transition 
metals are for example, an IVa group element or Va group element. Especially the manufacture method of application liquid 
is so desirable that [ when an application film (gel film) is formed, so that the remains organic substance in a film decreases, 
and ] the crystallization temperature of the gel film by heat-treatment becomes low, although not limited. The manufacture 
method of application liquid is explained below. 

[0013] As a metal alkoxide used as a start raw material, that whose carbon numbers of an alkoxyl group are 1-5 is used, and 
the thing of 2-4 is more preferably used for the carbon number of an alkoxyl group. Moreover, as a metal salt, organic acid 
chloride, such as mineral salt, such as a nitrate and a chloride, and an acetic acid, and the salt of beta-diketones, such as 
acetylacetonato, are used. 

[0014] As a solvent in which a metal alkoxide or a metal salt is dissolved, aromatic series, such as acid amides, such as the 
cyclo ether, such as ketones, such as organic-acid ester, such as alcohols, such as a methanol, ethanol, propanol, and a 
butanol, and ethyl acetate, an acetonitrile, an acetone, and a methyl ethyl ketone, a tetrapod hydra furan (THF), and a dioxane, 
a formamide (FA), and N.M-dimethylformamide (DMF), a hydrocarbon, and toluene, etc. are used. 
[001 5] Moreover, you may make it contained in the solution containing a metal alkoxide for the purpose of stabilization of 
beta-diketone (RCOCH2COR';R and R' is an alkyl group or an alkoxyl group) which is a polydent compound, alkoxy alcohol, 
an alkanoiamine, glycols, a glycerol, etc. of an alkoxide. As a beta-diketone, malonic esters, such as acetoacetic ester, such as 
an acetylacetone, an ethyl acetoacetate, and a methyl acetoacetate, and a diethyl malonate, etc. are used. As alkoxy alcohol, a 
2-methoxyethanol, the 2-ethoxyethanol, 2-methoxy-2-propanol, etc. are used. A monoethanolamine, a diethanolamine, a 
triethanolamine, etc. are used as an alkanoiamine. As glycols, monoalkyl ether and acetic ester of ethylene glycol, a diethylene 
glycol, a triethylene glycol and propylene glycols, or these compounds are used. These compounds are used independently, or 
are used together, and the kind is selected by a metal kind and the kind of alkoxyl group. Moreover, as for these compounds, 
it is desirable to contain the twice many 0.1 -mol amount of twice - 1.5 mols as this of an alkoxide. In addition, alkoxy 
alcohols can also be used as a solvent. 

[0016] The twice as many 0.05-mol twice - two-mol water of a metal alkoxide or a metal salt as this is used for hydrolysis of 
the solution containing a metal alkoxide or a metal salt, and twice as many 0.5-mol twice - 1 .5-mol water as this is more 
preferably used for it. You may make it use an acid catalyst and/or a base catalyst for this hydrolysis, and organic acids, such 
as mineral acids, such as a hydrochloric acid, and an acetic acid, are preferably used for it. In addition, the diluted solution of 
an alkoxide is used depending on the kind of alkoxide. Moreover, when a metal salt is used as a start raw material, a reaction 
with the solvent of an alcoholic system is used effectively. 

[0017] If the precursor application liquid (sol) of a metallic oxide is prepared by hydrolysis of the solution containing the 
alkoxide or salt of transition metals, the application liquid will be applied on the surface of a substrate, it will be dried, and an 
application film (metallic-oxide gel film) will be formed in a substrate front face. Especially the method of application of 
application liquid is not limited, but the dip coating method usually performed, the spin coat method, the flow coat method, 
the bar coat method, an ultrasonic atomizing process, etc. are used. In addition, the crystallization temperature at the time of 
heat-treating is so desirable that there is little remains organic amount of resources in the film as a gel film obtained at this 
time as described above as a low. 

[0018] If an application film is formed in a substrate front face, the ultraviolet radiation whose wavelength is 360nm or less 
will be irradiated to the application film. If irradiation to the ultraviolet radiation whose wavelength is 360nm or less is 
possible as the light source of ultraviolet radiation, although it will be used according to the metallic-oxide thin film which 
does not ask the kind but is made into the purpose, choosing suitably, a high-pressure mercury lamp, a low-pressure mercury 
lamp, an excimer lamp, an ArF excimer laser, a KrF excimer laser, a 4 times many YAG laser [ as this ] wave or a 3 time 
wave, synchrotron radiation, etc. are used, for example. Moreover, it is also possible to use it combining two or the thing 
beyond it among these light sources. It is also possible to heat a substrate, to put a substrate under reduced pressure, or to 
control atmosphere (an oxidizing atmosphere or non-oxidizing atmosphere) according to the purpose, in the case of the 
ultraviolet radiation irradiation to this application film. Moreover, the irradiation intensity and the shots per hour of ultraviolet 
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radiation are suitably chosen according to the kind of application film, composition, etc. By irradiating ultraviolet radiation to 
an application film, the metallic-oxide gel which forms the application film is crystallized, and the thin film of a 
transition-metals oxide is formed on the surface of a substrate. 
[0019] 

[Example] Next, the example which applied this invention concretely is explained. 

[0020] [Example 1] The pentaethoxy tantalum was dissolved in ethanol so that the solid-content concentration of a metallic 
oxide might become 3 % of the weight, and application liquid was prepared. After applying this application liquid on a silica 
substrate using a spin coater (2,000rpmx 15 seconds), it was made to dry with an oven with a temperature of 100 degrees C 
for 1 hour, and the application film was formed on the silica substrate. The ArF excimer laser (I93nm, 2,300 shot of 25 
mJ/cm) was irradiated at the obtained application film. Thereby, the crystalline tantalum oxide (Ta 205) thin film was 
obtained. The thin film X diffraction pattern of the obtained thin film is shown in drawing 1 . 

[0021] [Example 2] Pentaethoxy niobium was dissolved in ethanol so that the solid-content concentration of a metallic oxide 
might become 3 % of the weight, and application liquid was prepared. After applying this application liquid on a silica 
substrate using a spin coater (2,000rpmx 15 seconds), it was made to dry with an oven with a temperature of 100 degrees C 
for 1 hour, and the application film was formed on the silica substrate. The ArF excimer laser (I93nm, 2,300 shot of 25 
mJ/cm) was irradiated at the obtained application film. Thereby, the crystalline niobium-oxide (Nb 205) thin film was 
obtained. 

[0022] [Example 3] Dissolved tetraisopropoxy titanium in the 2-methoxyethanol, added the 0.1 convention hydrochloric acid 
containing the water of mols [ titanium ] in the 2-methoxyethanol solution, the solution was made to understand an added 
water part, and application liquid was prepared. It was made for the solid-content concentration of the metallic oxide in this 
application liquid to become 3 % of the weight. After applying this application liquid on a silicon substrate using a spin coater 
(2,000rpmx 1 5 seconds), it was made to dry with an oven with a temperature of 100 degrees C for 1 hour, and the application 
film was formed on the silicon substrate. The 4 time wave (266nm, 10 mJ/cm2) of an YAG laser was changed, and the 
irradiation shots per hour was irradiated on it at the obtained application film. Thereby, the rutile (Ti02) thin film was 
obtained. When an irradiation shots per hour was 100 shots, the rutile diffraction peak was accepted. Change of the thin film 
X diffraction pattern of the obtained thin film is shown in drawing 2 . 

[0023] [Example 4] It added to dehydrated ethanol so that the solid-content concentration of a metallic oxide might become 3 
% of the weight, and a titanium tetrachloride will be agitated for one day, and was dissolved, and application liquid was 
prepared. After applying this application liquid on a silicon substrate using a spin coater (2,000rpmx 1 5 seconds), it was made 
to dr> ; with an oven with a temperature of 100 degrees C for 1 hour, and the application film was formed on the silicon 
substrate. The 4 time wave (266nm, 2,300 shot of 10 mJ/cm) of an YAG laser was irradiated at the obtained application film. 
Thereby, the rutile (Ti02) thin film was obtained like the above-mentioned example 3. 

[0024] [Example 5] Dissolved tetra-N-butoxyzirconium in the 2-methoxyethanol, added the acetylacetone of mols [ zirconium 
] in the 2-methoxyethanol solution, added the 0.1 convention hydrochloric acid containing the water of mols [ zirconium ] in 
the 2-methoxyethanol solution further, the solution was made to understand an added water part, and application liquid was 
prepared. It was made for the solid-content concentration of the metallic oxide in this application liquid to become 3 % of the 
weight. After applying this application liquid on a silicon substrate using a spin coater (2,000rpmx 1 5 seconds), it was made 
to dry with an oven with a temperature of 100 degrees C for I hour, and the application film was formed on the silicon 
substrate. The ArF excimer laser (193nm, 2,100 shot of 25 inJ/cm) was irradiated at the obtained application film. Thereby, 
the cubic zirconia (Zr02) thin film was obtained. Furthermore, when 1,000 shots irradiated an ArF excimer laser at an 
application film, the monoclinic system which is the parent phase of a zirconia was accepted. Change of the thin film X 
diffraction pattern of the obtained thin film is shown in drawing 3 . 

[0025] [Example 6] Zirconium tetrapod acetylacetonato was dissolved in the methanol so that the solid-content concentration 
of a metallic oxide might become 3 % of the weight, and application liquid was prepared. After applying this application 
liquid on a silicon substrate using a spin coater (2,000rpmx 15 seconds), left it in the atmosphere of 60% of humidity for 3 
hours, it was made to dry in oven with a temperature of 100 degrees C after that for 1 hour, and the application film was 
formed on the silicon substrate. The ArF excimer laser (193nm, 2 or 1,000 shot of 25 mJ/cm) was irradiated at the obtained 
application film. Thereby, the zirconia (Zr02) thin film of a cubic and monoclinic system was obtained like the 
above-mentioned example 5. 

[0026] [Examples 1-6 of comparison] The crystalline metallic-oxide thin film was produced by heat-treating the application 
film (metallic-oxide gel film) obtained in the above-mentioned examples 1-6. Each heat-treatment temperature at this time and 
the obtained crystal phase are collectively shown in Table I . 
[0027] 
[Table I] 
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[0028] As shown in Table 1, in order to obtain a crystalline metallic-oxide thin film, heat-treatment at the temperature of 400 
degrees C or more was required. In order to obtain the rutile single phase film and monoclinic system zirconia film which 
were especially obtained in the example 3 - the example 6, respectively, heat-treatment at the temperature of 700 degrees C or 
more was required. 

[0029] In addition, this invention cannot be overemphasized by that it can apply when it is not limited to formation of the 
transition-metals oxide thin film shown in the above-mentioned example and forms transition-metals oxide thin films other 
than the above without heat-treatment. Thus, since a crystalline transition-metals oxide thin film can be formed without 
heat-treating, according to the method of this invention, by the conventional method, formation of the transition-metals oxide 
thin film in the multilayer which can form a transition-metals oxide thin film on the substrate inferior to thermal resistance, 
such as impossible plastics, and contains the organic substance is also attained. 
[0030] 

[Effect of the Invention] According to the manufacture method of invention concerning a claim 1 or a claim 3, the thin film of 
the crystallized transition-metals oxide can be obtained at the temperature near a room temperature. Therefore, it is possible to 
form a crystalline transition-metals oxide thin film also on the low substrate of thermal resistance, such as plastics. Moreover, 
in order to enforce this manufacture method, the need of using an expensive manufacturing facility is not restrained by the 
configuration or size of a base which there are not, can hold down a manufacturing cost low, and are going to form 
membranes. 
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TECHNICAL FIELD 



[The technical field to which invention belongs] This invention relates to the manufacture method of the method of forming 
functional oxide thin films, such as electronic material, in the front face of substrates, such as glass, ceramics, a metal, and 
plastics, and the metallic-oxide thin film which forms the thin film of the transition-metals oxide crystallized without 
heat-treating especially. 
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PRIOR ART 



[Description of the Prior Art] The compound which has the electrical property which was excellent as a dielectric material, an 
electrical conducting material, a semiconductor material, etc. exists in a transition-metals oxide mostly. The thin film of these 
transition-metals oxide is manufactured by the sol-gel method, the spraying thermal decomposition method, the sputtering 
method, the MOCVD method, etc. 

[0003] It is related with the manufacture method of the transition-metals oxide thin film by the sol-gel method. An anatase 
crystallizes a titania film at the temperature of 400 degrees C, and transferring to a rutile phase by heat-treating at the 
temperature of 800 more degrees C is known, for example, a zirconia film It crystallizes by heat-treating at the temperature of 
700 degrees C (a ceramic industry association magazine, 94,823 (1986) references), a niobium-oxide film It crystallizes by 
■ heat-treating at the temperature of 400 degrees C (a KYATARISHISU toe day (Catalysis Today), 16,495 (1993) references), 
an iron-oxide film crystallizing to a gamma ferric oxide (HEGUMA - tight) at the temperature to 450 degrees C, and 
heat-treating at the temperature of 450 more degrees C or more -- alpha-iron oxide -- transferring (a journal OBU material 
science (J. Mater.Sci.) --) Crystallizing 26,497 (1991) reference and a zinc-oxide film at the temperature of 400 degrees C or 
more (the Ceramic Society of Japan treatise magazine, 104, 296 (1991) references) is reported, respectively. Moreover, it is 
reported that thin films, such as an iron oxide, chromia, a titania, and a zirconia, are formed about the manufacture method of 
the transition-metals oxide thin film by the spraying thermal decomposition method by using various kinds of metal salts as a 
start raw material (tin solid films (Thin Solid Films), 77, 81 (1981) references). 
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EFFECT OF THE INVENTION 



[Effect of the Invention] According to the manufacture method of invention concerning a claim 1 or a claim 3, the thin film of 
the crystallized transition-metals oxide can be obtained at the temperature near a room temperature. Therefore, it is possible to 
form a crystalline transition-metals oxide thin film also on the low substrate of thermal resistance, such as plastics. Moreover, 
in order to enforce this manufacture method, the need of using an expensive manufacturing facility is not restrained by the 
configuration or size of a base which there are not, can hold down a manufacturing cost low, and are going to form 
membranes. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] As described above, by the conventional method which forms the thin film of a 
transition-metals oxide with a general sol-gel method or a spraying part solution method, it is required to pyrolyze and remove 
the remains organic substance and a metal salt, and in order to crystallize a metallic oxide, the heat-treatment in an elevated 
temperature of 400 degrees C or more is indispensable as the result. For this reason, depending on the conventional method, 
the thin film of the crystallized transition-metals oxide was not able to be formed on the low base of thermal resistance, such 
as plastics. 

[0005] Moreover, the sputtering method and the MOCVD method are based on a vacuum process, and, for this reason, have 
the trouble that an expensive manufacturing facility is required, and a manufacturing cost becomes high, and the configuration 
and size of a base which are going to form membranes have restrictions. Moreover, these methods also need heat-treatment of 
a substrate in many cases, in order to obtain a crystalline metallic-oxide thin film. 

[0006] This invention is made in view of the above situations, can form the thin film of the crystallized transition-metals oxide 
also on the low base of thermal resistance, such as plastics, and aims at offering the manufacture method of a metallic-oxide 
thin film which is not restrained by the configuration or size of the base which the need of using an expensive manufacturing 
facility does not have, either, and is going to form membranes, either. 
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MEANS 



[Means for Solving the Problem] Ultraviolet radiation was used for crystallizing the thin film of the transition-metals oxide 
gel formed by the sol-gel method as a means for attaining the above-mentioned purpose in this invention. That is, after 
invention concerning a claim 1 applies the precursor application liquid of the metallic oxide obtained considering the alkoxide 
or salt of transition metals as a start raw material on the surface of a coated material and forms an application film in a coated 
material front face, it irradiates the ultraviolet radiation whose wavelength is 360nm or less to the application film, and is 
characterized by crystallizing the transition-metals oxide which forms the application film. 

[0008] By the manufacture method of invention concerning a claim 1, after applying the precursor application liquid of the 
metallic oxide obtained considering the alkoxide or salt of transition metals as a start raw material on the surface of a coated 
material and forming an application film, a transition-metals oxide is crystallized by irradiating the ultraviolet radiation whose 
wavelength is 360nm or less to the application film. Therefore, since there is no need of performing heat-treatment in an 
elevated temperature for crystallization of a transition-metals oxide, it becomes possible to form the thin film of the 
crystallized transition-metals oxide also on a heat-resistant low base like plastics. In addition, although the mechanism of 
crystallization of the transition-metals oxide by irradiation of ultraviolet radiation is not clear, a thin film absorbs ultraviolet 
radiation, an atomic rearrangement is advanced by the energy and it is thought that a transition-metals oxide crystallizes. 
[0009] Invention concerning a claim 2 is characterized by transition metals being an IVa group element or Va group element 
in the manufacture method according to claim 1 . 

[0010] Invention concerning a claim 3 is characterized by using the 4 time wave or 3 time wave of a high-pressure mercury 
lamp, a low-pressure mercury lamp, an ArF excimer laser, a KrF excimer laser, and an YAG laser, an excimer lamp, or 
synchrotron radiation in the manufacture method according to claim 1 or 2 as the light source of ultraviolet radiation 
irradiated to the thin film of metallic-oxide gel. Even if it uses only one kind of thing, you may use the light source combining 
two or more sorts of things. 
[0011] 

[Embodiments of the Invention] Hereafter, the suitable operation form of this invention is explained. 
[0012] By the manufacture method of the metallic-oxide thin film concerning this invention, the precursor application liquid 
(sol) of a metallic oxide is first prepared by using the alkoxide or salt of transition metals as a start raw material. Transition 
metals are for example, an IVa group element or Va group element. Especially the manufacture method of application liquid 
is so desirable that [ when an application film (gel film) is formed, so that the remains organic substance in a film decreases, 
and ] the crystallization temperature of the gel film by heat-treatment becomes low, although not limited. The manufacture 
method of application liquid is explained below. 

[0013] As a metal alkoxide used as a start raw material, that whose carbon numbers of an alkoxyl group are 1-5 is used, and 
the thing of 2-4 is more preferably used for the carbon number of an alkoxyl group. Moreover, as a metal salt, organic acid 
chloride, such as mineral salt, such as a nitrate and a chloride, and an acetic acid, and the salt of beta-diketones, such as 
acetylacetonato, are used. 

[0014] As a solvent in which a metal alkoxide or a metal salt is dissolved, aroma groups, such as acid amides, such as the 
cyclo ether, such as ketones, such as organic-acid ester, such as alcohols, such as a methanol, ethanol, propanol, and a 
butanol, and ethyl acetate, an acetonitrile, an acetone, and a methyl ethyl ketone, a tetrapod hydra furan (THF), and a dioxane, 
a formamide (FA), and N.N-dimethylformamide (DMF), a hydrocarbon, and toluene, etc. are used. 
[0015] Moreover, you may make it contained in the solution containing a metal alkoxide for the purpose of stabilization of 
beta-diketone (RCOCH2COR';R and R* is an alkyl group or an alkoxyl group) which is a polydent compound, alkoxy alcohol, 
an alkanolamine, glycols, a glycerol, etc. of an alkoxide. As a beta-diketone, malonic esters, such as acetoacetic ester, such as 
an acctyiacetonc, an ethyl acetoacetale, and a methyl acetoacetate, and a diethyl malonate, etc. are used. As alkoxy alcohol, a 
2-methoxyethanol, a 2-ethoxyethanol, 2-methoxy-2-propanol, etc. are used. A monoethanolamine, a diethanolamine, a 
triethanolamine, etc. are used as an alkanolamine. As glycols, monoalkyl ether and acetic ester of ethylene glycol, a diethylene 
glycol, a triethylene glycol and propylene glycols, or these compounds are used. These compounds are used independently, or 
are used together, and the kind is selected by a metal kind and the kind of alkoxyl group. Moreover, as for these compounds, 
it is desirable to contain the twice many 0. 1-mol amount of twice - 1.5 mols as this of an alkoxide. In addition, alkoxy 
alcohols can also be used as a solvent. 

[0016] The twice as many 0.05-mol twice - two-mol water of a metal alkoxide or a metal salt as this is used for hydrolysis of 
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the solution containing a metal alkoxide or a metal salt, and twice as many 0.5-mol twice - 1 .5-mol water as this is more 
preferably used for it. You may make it use an acid catalyst and/or a base catalyst for this hydrolysis, and organic acids, such 
as mineral acids, such as a hydrochloric acid, and an acetic acid, are preferably used for it. In addition, the diluted solution of 
an alkoxide is used depending on the kind of alkoxide. Moreover, when a metal salt is used as a start raw material, a reaction 
with the solvent of an alcoholic system is used effectively. 

[0017] If the precursor application liquid (sol) of a metallic oxide is prepared by hydrolysis of the solution containing the 
alkoxide or salt of transition metals, the application liquid will be applied on the surface of a substrate, it will be dried, and an 
application film (metallic-oxide gel film) will be formed in a substrate front face. Especially the method of application of 
application liquid is not limited, but the dip coating method usually performed, the spin coat method, the flow coat method, 
the bar coat method, an ultrasonic atomizing process, etc. are used. In addition, as a gel film obtained at this time, it is so 
desirable that [ as described above, so that there is little remains organic amount of resources in the film, and ] the 
crystallization temperature at the time of heat-treating is low. 

[0018] If an application film is formed in a substrate front face, the ultraviolet radiation whose wavelength is 360nm or less 
will be irradiated to the application film. If irradiation to the ultraviolet radiation whose wavelength is 360nm or less is 
possible as the light source of ultraviolet radiation, although it will be used according to the metallic-oxide thin film which 
does not ask the kind but is made into the purpose, choosing suitably, a high-pressure mercury lamp, a low-pressure mercury 
lamp, an excimer lamp, an ArF excimer laser, a KrF excimer laser, a 4 times many YAG laser [ as this ] wave or a 3 time 
wave, synchrotron radiation, etc. are used, for example. Moreover, it is also possible to use it combining two or the thing 
beyond it among these light sources. It is also possible to heat a substrate, to put a substrate under reduced pressure, or to 
control atmosphere (an oxidizing atmosphere or non-oxidizing atmosphere) according to the purpose, in the case of the 
ultraviolet radiation irradiation to this application film. Moreover, the irradiation intensity and the shots per hour of ultraviolet 
radiation are suitably chosen according to the kind of application film, composition, etc. By irradiating ultraviolet radiation to 
an application film, the metallic-oxide gel which forms the application film is crystallized, and the thin film of a 
transition-metals oxide is formed on the surface of a substrate. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



EXAMPLE 



[Example] Next, the example which applied this invention concretely is explained. 

[0020] [Example 1] The pentaethoxy tantalum was dissolved in ethanol so that the solid-content concentration of a metallic 
oxide might become 3 % of the weight, and application liquid was prepared. After applying this application liquid on a silica 
substrate using a spin coater (2,000rpmx 1 5 seconds), it was made to dry with an oven with a temperature of 100 degrees C 
tor I hour, and the application film was formed on the silica substrate. The ArF excimer laser (193nm, 2,300 shot of 25 
mJ/cm) was irradiated at the obtained application film. Thereby, the crystalline tantalum oxide (Ta 205) thin film was 
obtained. The thin film X diffraction pattern of the obtained thin film is shown in drawing I . 

[0021] [Example 2] Pentaethoxy niobium was dissolved in ethanol so that the solid-content concentration of a metallic oxide 
might become 3 % of the weight, and application liquid was prepared. After applying this application liquid on a silica 
substrate using a spin coater (2,000rpmx 15 seconds), it was made to dry with an oven with a temperature of 100 degrees C 
for I hour, and the application film was formed on the silica substrate. The ArF excimer laser (193nm, 2,300 shot of 25 
mJ/cm) was irradiated at the obtained application film. Thereby, the crystalline niobium-oxide (Nb 205) thin film was 
obtained. 

[0022] [Example 3] Dissolved tetraisopropoxy titanium in the 2-methoxyethanol, added the decinormal hydrochloric acid 
containing the water of mols [ titanium ] in the 2-methoxyethanol solution, the solution was made to understand an added 
water part, and application liquid was prepared. It was made for the solid-content concentration of the metallic oxide in this 
application liquid to become 3 % of the weight. After applying this application liquid on a silicon substrate using a spin coater 
(2,000rpmx 15 seconds), it was made to dry with an oven with a temperature of 100 degrees C for 1 hour, and the application 
film was formed on the silicon substrate. The 4 time wave (266nm, 10 mJ/cm2) of an YAG laser was changed, and the 
irradiation shots per hour was irradiated on it at the obtained application film. Thereby, the rutile (Ti02) thin film was 
obtained. When an irradiation shots per hour was 100 shots, the rutile diffraction peak was accepted. Change of the thin film 
X diffraction pattern of the obtained thin film is shown in drawing 2 . 

[0023] [Example 4] It added to dehydrated ethanol so that the solid-content concentration of a metallic oxide might become 3 
% of the weight, and a titanium tetrachloride will be agitated for one day, and was dissolved, and application liquid was 
prepared. After applying this application liquid on a silicon substrate using a spin coater (2,000rpmx 1 5 seconds), it was made 
to dry with an oven with a temperature of 100 degrees C for 1 hour, and the application film was formed on the silicon 
substrate. The 4 time wave (266nm, 2,300 shot of 10 mJ/cm) of an YAG laser was irradiated at the obtained application film. 
Thereby, the rutile (Ti02) thin film was obtained like the above-mentioned example 3. 

[0024] [Example 5] Dissolved tetra-N-butoxyzirconium in the 2-methoxyethanol, added the acetylacetone of mols [ zirconium 
] in the 2-methoxyethanol solution, added the decinormal hydrochloric acid containing the water of mols [ zirconium ] in the 
2-methoxyethanol solution further, the solution was made to understand an added water part, and application liquid was 
prepared. It was made for the solid-content concentration of the metallic oxide in this application liquid to become 3 % of the 
weight. After applying this application liquid on a silicon substrate using a spin coater (2,000rpmx 15 seconds), it was made 
to dry with an oven with a temperature of 100 degrees C for I hour, and the application film was formed on the silicon 
substrate. The ArF excimer laser ( I93nm, 2, 100 shot of 25 mJ/cm) was irradiated at the obtained application film. Thereby, 
the cubic zirconia (Zr02) thin film was obtained. Furthermore, when 1 ,000 shots irradiated an ArF excimer laser at an 
application film, the monoclinic system which is the parent phase of a zirconia was accepted. Change of the thin film X 
diffraction pattern of the obtained thin film is shown in drawing 3 . 

[0025] [Example 6] Zirconium tetrapod acetylacetonato was dissolved in the methanol so that the solid-content concentration 
of a metallic oxide might become 3 % of the weight, and application liquid was prepared. After applying this application 
liquid on a silicon substrate using a spin coater (2,000rpmx 15 seconds), left it in the atmosphere of 60% of humidity for 3 
hours, it was made to dry in oven with a temperature of 100 degrees C after that for 1 hour, and the application film was 
formed on the silicon substrate. The ArF excimer laser (193nm, 2 or 1,000 shot of 25 mJ/cm) was irradiated at the obtained 
application film. Thereby, the zirconia (Zr02) thin film of a cubic and monoclinic system was obtained like the 
above-mentioned example 5. 

[0026] [Examples 1-6 of comparison] The crystalline metallic-oxide thin film was produced by heat-treating the application 
film (metallic-oxide gel film) obtained in the above-mentioned examples 1-6. Each heat-treatment temperature at this time and 
the obtained crystal phase are collectively shown in Table I. 
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[0028] As shown in Table 1, in order to obtain a crystalline metallic-oxide thin film, heat-treatment at the temperature of 400 
degrees C or more was required. In order to obtain the rutile single phase film and monoclinic system zirconia film which 
were especially obtained in the example 3 - the example 6, respectively, heat-treatment at the temperature of 700 degrees C or 
more was required. 

[0029] In addition, this invention cannot be overemphasized by that it can apply when it is not limited to formation of the 
transition-metals oxide thin film shown in the above-mentioned example and forms transition-metals oxide thin films other 
than the above without heat-treatment. Thus, since a crystalline transition-metals oxide thin film can be formed without 
heat-treating, according to the method of this invention, by the conventional method, formation of the transition-metals oxide 
thin film in the multilayer which can form a transition-metals oxide thin film on the substrate inferior to thermal resistance, 
such as impossible plastics, and contains the organic substance is also attained. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing I] It is drawing showing the thin film X diffraction pattern of the tantalum oxide thin film obtained by the 
manufacture method concerning this invention. 

[Drawing 2] It is drawing showing change of the thin film X diffraction pattern of the rutile thin film similarly obtained by the 
manufacture method concerning this invention. 

[Drawing 3] It is drawing showing change of the thin film X diffraction pattern of the zirconia thin film similarly obtained by 
the manufacture method concerning this invention. 
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DRAWINGS 



rDrawing 11 
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[Drawing 2] 
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[Drawing 3 ] 
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